




Look for hidden signature of BSM 
in rare phenomena
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How to distinguish BSM penguins?
SUSY

Extra dimension

Fourth generation

Technicolor



γ ,Z W W

EW penguin W-box diagram

Powerful Tevatron

Excellent CDF detector

?

total BR, differential BR, angular analysis
Provides discrimination of BSM models

B0, B+, Bs, Λb…



Multidimensional approach toward BSM                                  
with rich bsμμ samples

Total BR

Differential BR

Angular analysis

- Requires little data

- Limited sensitivity to NP

- Requires lots of data

- Most sensitive to NP

 Various Observables  Various Channels

- Requires more data

- Sensitive to NP



CDF RunI 88 pb-1

CDF RunI 91 pb-1

CDF RunII 924 pb-1

CDF RunII 4.4 fb-1

This talk:
Update using 6.8 fb-1





Tevatron

CDF



CMU

COT

TOF

SVX

 Suitable for bsμμ analysisCMX

CMP

-precise momentum
-σ(pT)/pT

2~0.07% (GeV/c)−1

- precise vertex
- σ(d0) ~35 μm for pT>2 GeV/c

Excellent tracking  



CMU

COT

TOF

SVX

 Suitable for bsμμ analysisCMX

CMP

Good K-π separation
- 1.4σ K-π separation 
for p>2 GeV/c track



CMU

COT

TOF

SVX

 Suitable for bsμμ analysisCMX

CMP

Provide 
dimuon trigger



K*0
K+π-

φK+ K-

Dimuon mass

12 channel analysis!

K*+
KSπ+
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B0
K*0μμ

B+
K+μμ

Bsφμμ

B0
J/ψK*0

B+
J/ψK+

BsJ/ψφ

Signal mode Control sample

B+
K*+μμ

B0
KSμμ

ΛbΛμμ

B+
J/ψK*+

B0
J/ψKS

ΛbJ/ψΛ

h hadrons

V0 decay
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B0


J/ψK*0
B+


J/ψK+

Bs

J/ψφ

B+


J/ψK*+ B0


J/ψKS

Λb

J/ψΛ

J/ψKs

reflection



B0
K*0μμB+

K+ μμ Bsφ μμ

B+
K*+μμ B0KS μμ ΛbΛ μμ

Ns~680
Nb~50000

Ns~490
Nb~27000

Ns~110
Nb~2000

Ns~140
Nb~4000

Ns~80
Nb~2500

Ns~200
Nb~2300

Ns: expected signal
Nb: # of candidates



Optimized by neural network

Reduced by vertexing, mass cut, 
kaon and muon ID

Charmonium mass
Charm hadron mass

Also apply some vetoes:
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True μ
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J/ψ(‘) mass vetoJ/ψ

K*0
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True μ

Fake μ

Fake π
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J/ψ(‘) mass vetoJ/ψ

K*0

μ

μ
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Wide mass veto
to remove radiative tail

~11σ ~6σ

σ



π

K

π

K

Fake μ

Fake μ

True π

True K

D mass veto
D0

K*0

μ

μ

π

K

Muon ID

Long-lived D vertex also reduces 
the contribution

μ
μ
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K
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B K
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π
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D
~120um

D0,D+,Ds, Λc…



π

π

π

K

Fake μ

Fake μ

True π

True K

π

K*0

μ

μ

π

K

Muon ID
π

B0
K*0μμB+

K+ μμ

Bsφ μμ

B+
K*+μμ B0KS μμ

ΛbΛ μμ

B mass B mass

B mass B mass

B mass B mass

hππ

Negligibly small due to good muon ID

Cannot be vetoed by the intermediate mass

MC



Signal

BG

Signal

BG

Isolation

pT(B) Lxy(B)/σ

pT(μ1)

Δα

Dxy(B)

χ2(B) B vertex
probability

pT(μ2)



B+


K+μμ

Ns

Nb

Significance

G. Punzi, arXiv:physics/0308063 (2003)

Ns: expected # of signal
Nb: expected # of BG



Mass(B0) Mass(Λb
0)

KS μμ Λ μμMCMC



3.6*MΛ+|α|

removes 90% of Λ (signal loses 7%)

removes 76% of KS (signal loses 11%)

KSμμ

Λμμ

KSμμ

Λμμ

p
π

π

π

qL
+

qL
-

qL
+

qL
-Λ

KS

qL: projected momentum to 
Λ/Ks direction

MC

indicates
“cross-feed region”



MC B0
K*0μμB+

K+ μμ Bsφ μμ

B+
K*+μμ B0KS μμ ΛbΛ μμ



(*) First reconstruction 

in hadron collisions

B0
K*0μμB+

K+ μμ Bsφ μμ

B+
K*+μμ

B0KS μμ

Remove 99.1~99.8% of BG
while keeping
20~50% of signal



 Different sensitivity from K*μμ

No experimental search result                                                       
(although >25 theory papers)

universal extra 

dimension (UED)

SM

BR(ΛbΛμμ) vs UED parameterAFB(ΛbΛμμ)

M.J.Aslam, Y.M.Wang, C.D. Lu  PRD78:114032 (2008) T.M.Aliev, M.Savci,  EPJC50:91-99 (2007)



First experimental search for baryonic bsμμ decay

The rarest Λb decay to date



(4.0±1.2)*10-6 Phys.Rev.D81,056006 (2010)

 4.4*10-6 Phys.Rev.D78,114032 (2008)

 2.08*10-6 Phys.Rev.D64,074001 (2001)

Expectations

~6σ





Control channel yield Rare channel yield

h=K, K*, φ, Λ

Relative reconstruction 
efficiency



• Study muon efficiency near threshold (pT(μ)~1.5/2.0/3.0GeV/c)
• Repeat analysis with different pT(μ) threshold for each trigger  



(*)

(*) All BRs except CDF@6.8fb-1 are 
taken from HFAG 2010 August

(*)

(*)



• Provide discrimination of BSM models

A. Ali et al., PRD61:074024 (2000)

SM

SUGRA

SUSY

Z-penguin

W-box diagram
γ-penguin High q2

Low q2
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J/ψ,ψ’ 
veto B0

K*0μμ

B+
K*+μμ

B+
K+μμ

B0
K0μμ

(*) First measurements 
in hadron collisions

Combined BR is calculated 
assuming  isospin symmetry

BK μμ BK* μμ



T. M. Aliev, K. Azizi, and M. Savci, 
PRD81, 056006 (2010)

Y.-M. Wang, M.J. Aslam, C.-D. Lu, 
arXiv:0810.0609 (2008)

ΛbΛμμ

SM

extra dimension

First results from an experiment

SM prediction
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angular distribution

 Provides powerful probes sensitive to new physics!



AFB

FL

AT
(2)

Aim

K* polarization

FB asymmetry

Transverse polarization

asymmetry

T-odd CP asymmetry

One can extract various information 
from the decay angular distribution

F

B
B0

π-μ-

K+

μ+

μ-

cosθμ

cosθK

φ



Perform angular analysis with maximum likelihood fit

Signal fraction

B mass shape Angular distribution

ε(cosθμ) PBG(cosθμ) 

True 
signal

Kπ
swap

Signal

BG
Signal 

acceptance

BG



2.7σ

B0
K*0μμ decay plane

AFB 

q2 (dimuon mass2)

SM

swap

F
B

B0

π-

μ- K+

μ+

Theory curve



AFB



Simultaneous fit with K*0 and K*+

AFB FL



Ulrik Egede, PANIC 2011
http://web.mit.edu/panic11/talks/monday/PARALLEL-2I/3-1640/egede/151-0-Egede.pdf



 Small in SM

 RH currents can drive asymmetries up to large values ~1

 AT
(2): CP conserving RH currents

 Aim : CP violating RH currents

No experimental result so far

arXiv:1006.5013
C. Bobeth, G. Hiller, D. van Dyk

SM:~0
BSM:~±1

AT
(2)



Simultaneous fit with K*0 and K*+

AT
(2) Aim



Smaller than the statistical uncertainties



arXiv:1107.3753
arXiv:1108.0695

 No discrepancy with SM found yet

CDF updated the bsμμ analysis with 6.8fb-1

 Not only more data, analysis greatly improved

Results:
 First observation of ΛbΛμμ

 First measurement of dB in Bsφμμ and ΛbΛμμ

 First measurement of AT
(2) and Aim

 World’s best or comparable precision

• Total and differential BR in exclusive bsμμ decays

• AFB and FL measurement

CDF leads exploration of bsμμ physics

Submitted two letters to Phys.Rev.



Thank you so much!





Title page: The photo by Mark van de Wouw available under a 
Attribution-NonCommercial-ShareAlike 2.0 Generic.

P9: The photo by Paul Boxley available under a Attribution-
ShareAlike 2.0 Generic.

P49: The photo by Karl Normington under a Attribution 
2.0 Generic.

We draw theoretical curves of the angular observables by EOS. 
However we stress that these curves are plotted at the other 
kinematical region than the original authors expected to use.
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Isolation pT(B) Lxy(B)/σ pT(μ1) pT(μ2) Muon

likelihood 

(μ1)

Muon

likelihood 

(μ2)

EEM(μ1) EEM(μ2)

Dxy(B)

χ2(B) B vertex
probability

η(μ1) η(μ2) φ(μ1) φ(μ2)
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3.6*MΛ+|α|

removes 90% of Λ (signal loses 7%)

removes 76% of KS (signal loses 11%)

KSμμ

Λμμ

MΛ

KSμμΛμμ



K+μμ

Λμμ

Signal

BG

Significance

Signal
BG

Significance

G. Punzi, arXiv:physics/0308063 (2003)





AFB

FL

AT
(2)

Aim

K* polarization

FB asymmetry

Transverse polarization

asymmetry

T-odd CP asymmetry

One can extract various information 
from the decay angular distribution
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